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SCOUR PROTECTION AND REPAIR
BY FILTERING GEOSYNTHETIC CONTAINERS
By
Michael H. Heibaum1
ABSTRACT
Scour protection may be realised either by reducing the scouring impact by river or coastal train-
ing structures or by increasing the erosion resistance of the channel bed by protective systems.
When designing such a system, an armour has to be chosen with high resistance against direct
hydraulic loading and with the necessary weight to guarantee a sufficient state of stress in the 
subsoil. Additionally a filter (granular or geosynthetic) is a must. Often it is necessary to place the
filter under water which creates extra problems. So for a successful scour protection measure to be
built under water and loaded by currents and waves, elements are needed that combine filter ca-
pacity and sufficient weight to resist the hydraulic load. Such elements can be geosynthetic con-
tainers. They can be used in active and passive scour protection measures and can be adapted to
the individual demands regarding geometry, strength, filter properties, flexibility and many more.
INTRODUCTION
Scour protection or scour repair can be done either by reducing the stress (load) or by increasing
the resistance. To reduce the hydraulic load in rivers, river training measures can be built like
groynes and longitudinal dikes. At the coast, breakwaters, groynes, or other coastal protection
systems are installed to improve the flow pattern. Such measures are named "active", since the
load condition is altered in such a way that scour will not develop.
"Passive" countermeasures leave the hydraulic load pattern as it is. To increase the resistance, the
subsoil has to be strengthened or an armour system is installed on the soil surface that is hydrauli-
cally loaded.
The choice of the appropriate measure is dependent on many factors. It may be that the alteration
or reduction of hydraulic loads by active systems cannot be realised, because the coastal or river
training works installed to protect a certain area will create unwanted effects elsewhere. Then the
advantages at one place will be followed by disadvantages at another. So one has to check very
carefully which system will perform best. The comparison of the overall costs of a training meas-
ure or a measure to increase the resistance will show in the individual case which measure should
be chosen.
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SCOUR:  THE RESULT OF THE INTERACTION OF SOIL AND WATER
Scour will develop when the hydraulic load acting on soil and rock exceeds their resistance against
these loads. Hydraulic loads may origin either from natural hydrodynamic processes or from navi-
gation. Once a scour hole has developed it has to be checked if an equilibrium is reached and sta-
bility is not endangered. If  further scouring is to be expected or if the state of scouring reached
threatens a structure, a countermeasure has to be planned.
The development of scour is always an interaction of soil and water. That seems to be a simple
statement, but very often it is forgotten, that water is to be found both inside the soil and on the
surface of the soil. Both pore water and surface water will contribute to the scour process. As a
consequence, not only the interaction of soil and water but also the interaction of the surface water
and the pore water has to be considered. Impermeable covers as scour protection will prevent the
direct interaction. But there is still an indirect interaction if the water pressures of the surface water 
on one side and the pore water on the other side of an impermeable layer are different: The result-
ing excess water pressure on one side of the protection has to be taken into account in the design.
The resistance of soil and rock against scouring is given by the intergranular strength which is
expressed in terms of  internal angle of friction and cohesion. While cohesion is more or less inde-
pendent of  the intergranular stresses (but stress history has an influence on the magnitude of cohe-
sion), the shear strength caused by friction is linearly dependent on the effective stress in the soil.
Effective stress is directly dependant on pore water pressure: the higher the pore water pressure in 
a certain point, the less the effective stress. Therefore it is very important to consider pore water
pressure in design – in cohesionless soils even more than in cohesive soils.
A SPECIAL LOAD TO CONSIDER:
TIME DEPENDENT PORE WATER PRESSURE
The pore water pressure in the subsoil below a channel with steady flow is quasi hydrostatic. But
flowing water may generate an unsteady pore water pressure due to turbulence, vortices, large or
small eddies. Unsteady pore water pressure will also be created by regular or irregular changes of
the hydraulic head, originated by a sudden increase or drop of the water level or by waves.
Measurements revealed that pore water pressure may not only be unsteady but may also show a 
certain time delay (Nago, Maeno1981). This means that the pore water pressure at a certain point 
does not change simultaneously with the hydraulic head above that point. It can be observed a
damping of the pressure variation with depth z and a lag in phase (fig. 1). The effect would vanish
when an ideal (= incompressible) fluid is used. The reason is that natural water always contains
some air, so it is not an ideal fluid (Köhler 1993, Heibaum 2002). the effect is increasing with an 
increasing air content of the water and a decreasing permeability of the soil.
The phase lag will result in certain time steps in an excess pore water pressure (shaded area in fig. 
1). As stated above, pore water pressure reduces the effective stress in the soil and therefore the
resistance of the soil against all kinds of loading. If a high excess pore water pressure is created, 
the effective stress may be so low that failure in the soil occurs. Soils with a low permeability but
without cohesion (e.g. fine or silty sand) will be endangered most. On a bank this will cause slid-
ing of a soil layer and on the bottom, the soil may get into the state of suspension down to a certain
depth. In both cases, erosion will start at already low hydraulic loads and will develop to a larger
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extent than without excess pore water pressure. To balance the excess pore water pressure, the
effective stress in the soil has to be increased which can be done by an appropriate surcharge.
GEOSYNTHETIC CONTAINERS
Geosynthetics is a term for all textile structure that are used in geotechnical engineering. That term 
also incorporates natural  fibres like jute, coir, ramie etc that are used like synthetic fibres to manu-
facture one of the "geo-elements". Nearly any shape can be created: separation or reinforcing lay-
ers, filters, drains, linings, bags, tubes, mattresses, meshes. The number of applications is still 
growing. The majority of geosynthetic fabric for geotechnical use is either woven or nonwoven.
Knitted fabric, nets, cells or else are applied for special purposes only. Geosynthetics have the
advantage of being easily transported due to their low weight. Manufacturing of geosynthetic
products can be done very precisely resulting in special fabric for special applications.
Sandbags are known since long, for example as immediate repair of dikes, protection during floods
etc. These elements have been developed further resulting in a wide field of application in geo-
technical and hydraulic engineering.  So the more general term of "geosynthetic containers" or
"geosystems" (Pilarczyk 2000) has been established. Today this term encompasses all elements
that use a geosynthetic fabric as an envelope or a casing (fig. 2). The elements may be filled with 
air, water, sand, mortar or waste. Often additional functions are provided: For example the fabric
may be designed as a filter or it may be used as reinforcement.
The list of possible applications of containers in scour protection is very long. Small elements
filled with concrete are used to replace missing elements in pitched revetments or quay walls. 
Concrete mattresses are used to create an impervious lining, stone mattresses provide a permeable
lining. Pillow mats, i.e. mattresses of concrete filled pillows with permeable junctions, are the
combination of the before named. Due to their flexibility they allow for perfect scour protection in 
rivers and at the coast. Mesh-like concrete mattresses are found in erosion protection. Bags are the
most common type of containers and the most versatile concerning possible applications. Today
bags of all sizes and of many shapes can be manufactured up to one single large container in a
hopper barge or with a very large length to create tubes.
STRUCTURES FOR ACTIVE SCOUR PREVENTION
USING GEOTEXTILE CONTAINERS
Training structures are build to avoid scouring by altering the flow pattern of a river or the long-
shore current. In this context, geosynthetic containers can be used to build artificial reefs, longitu-
dinal dikes, groynes or else to form an active scour protection. In these cases the advantage of
using geosynthetic containers is the fact that often cheap local fill material can be used that would
be eroded immediately without confinement, e. g. silty or fine sands. Or the current is so high that
even material of larger grain sizes like riprap cannot be used to build the structure.
A common construction method is to use containers (bags or tubes) as a core of groynes and dikes
with a cover layer of  armour stones to protect the core against high mechanical and hydraulic
impact. If there are only low mechanical loads and no or only short exposition to UV radiation,
because the container is permanently under water or because it is a temporary structure, an armour
layer may not be necessary.
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There may be double advantage from using geosynthetic containers when a fabric is chosen that is
not only a casing but also a filter or a reinforcement. Details concerning armour and filter are 
given below when discussing protection systems
SCOUR PROTECTION SYSTEMS 
As it has been said above, the subsoil can be strengthened or an armour system can be put on the
soil surface to increase the resistance. The most common protection method will be to place an
armour layer on top of the soil. By doing this, the stress in the subsoil is increased and the surface
is protected against direct hydraulic impact. Basically there is also the option to increase the
strength of the soil without increasing the state of stress, e. g. by grouting the soil or by using any
kind of soil reinforcement (e. g. soil nails, geosynthetic reinforcement etc.). Such types of scour
protection will not be discussed here.
To achieve stability, any protection system needs two essential parts: the armour and the filter. An 
armour layer provides the protection against the direct hydraulic and - if acting - mechanical load-
ing. At the same time, an armour layer should be heavy enough to increases the effective stresses 
in the subsoil. This is of importance when an excess pore water pressure - which also could be
named an indirect hydraulic loading - destabilises the subsoil as discussed above. In the armour
layer no excess pore water pressure must develop. This will be guaranteed by all layers with high
hydraulic conductivity.
Armour material, e.g. riprap, may resist the hydraulic load, but it will not provide the filter stability
necessary to prevent erosion of the subsoil through the armour. And armour elements without a filter
may sink into the subsoil when the soil is fluidised. Only a filter keeps the grains of the subsoil in
place while the armour contributes the necessary strength. A filter can be either a granular or a geo-
synthetic filter.
ARMOUR LAYER
The armour layer may consist of single elements, mattresses or continuous linings. As to single ele-
ments, riprap is the most often used material. If such material is sufficiently available, good solutions
at reasonable costs can be attained.
Concrete elements are used when natural material is not available to the necessary extent. The
production costs are much higher but the transportation distance is usually rather short; sometimes
they may even be produced on-site. There is a large variety of concrete elements that are used as 
an armour layer: Elements of many different shapes used like natural stones, blocks placed regu-
larly ("paved") and mutually connected elements.
A paved cover layer shows an increased resistance against hydraulic loads while being limited in
thickness. But the high resistance is lost if only one element is missing. So connected or confined
elements may perform better. Examples are interlocking concrete blocks (articulated concrete
blocks, ACB), cable connected concrete blocks, stone mattresses. In any case the armour layer has 
to be thick enough to provide a sufficient state of stress in the subsoil to avoid fluidisation.
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FILTER LAYER
While grain filters are known since long time, geotextile filters are used since approximately 30
years. Sometimes a filter is considered not to be necessary. This may be true, when the hydraulic
load at the interface of soil and armour is (permanently!) so low that the fine grains will definitely
not be moved, e.g. because the armour layer is so thick, that the energy of the hydraulic load acting
on the armour surface is dissipated in the armour layer. In all other cases a filter is inevitable.
GEOSYNTHETIC FILTERS
Filters in scour protection measures are loaded by unsteady, turbulent, pulsating and reversing flow.
Most of the design rules for geosynthetic filters are developed for unidirectional flow. Only few are
reliable in case of dynamic hydraulic loading. The development of excess pore water pressure in the
subsoil due to the fast change in the hydraulic head complicates the proper filter design (Köhler 1993). 
So often performance tests may be necessary, e.g. turbulence tests (MAG 1993), were it has to be
proven that the amount of soil washed through the geotextile is limited and is decreasing with time
when loaded by a turbulent reversing flow. Filter rules basing on the opening size (e.g. Holtz, Christo-
pher & Berg 1995) may be used as a first estimate and may be sufficient when the hydraulic load at
the interface of soil and geotextile is only low, e.g. due to energy dissipation by the armour layer.
To achieve higher tensile strength when using nonwovens. a smaller opening size may be preferred.
But care has to be taken that the clogging potential is not increased.
GRANULAR FILTER
Many rules for the design of grain filters are available. Schuler & Brauns (1993) have given a 
detailed overview on most of the filter criteria. Well known criteria for soil retention ask for certain
ratios d15,F/d85,B (grain size at 15% by weight of the filter and at 85% of the base soil, respectively).
Some also incorporate the interval d50,F/d50,B or d15,F/d15,B. Limit values however are rather different:
Terzaghi asks for d15,F/d85,B ? 4, while Bertram allows for 6 to 11 (simultaneously asking for
d15,F/d15,B ? 8 to 15). The range of permissible d50-interval is given from 4 to 58, depending on differ-
ent parameters. Most of the grain filter rules are restricted to well graded material. One of the most
general approaches is the design chart of Cistin / Ziems (fig. 3; Busch & Luckner 1974), because it
takes into account the coefficient of uniformity (CU; in fig.3 U is used like in the original litera-
ture) of the soil and the filter, so poorly graded material is included. Limits of application are ex-
ceeded only for CU >20. According to that rule the mean diameter d50,II  (grain size diameter of 50% 
finer by weight) of the coarser material (filter) must not exceed the mean diameter d50,I of the finer
material multiplied by a factor A50. The factor A50 is found on the vertical axis depending on the coef-
ficient of uniformity of the finer material on the horizontal axis (UI in fig.3) and the coefficient of 
uniformity of the coarser material as curve parameter (UII in fig.3).
Looking at the grain size distributions of filter and base, then generally speaking a broadly graded 
filter is favourable, while the gradation of the base is of less influence. This can be clearly seen from
the Cistin/Ziems-Diagram. But with broadly graded filters, placement problems increase which is
discussed later.
It is important that limits are adhered to strictly for the interface filter to armour, since the hydraulic
load is the more severe the nearer to the surface the interface of two layers is situated.
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PLACEMENT PROBLEMS
It was stated above that any effective scour protection measure needs a well designed filter. To
build a good filter, care has to be taken when placing it. Often it is necessary to place the filter under
water which creates problems for both granular filter and geotextile filter.
Placing a geosynthetic filter cloth will be impossible in many cases because of the depth of the 
water, the flow or the wave action. The stability of the geotextile filter can be increased by certain 
measures but only up to a certain hydraulic load. While in former times iron chains or spreaders
have been used, today a geocomposite is used, namely a "sandmat", i.e. a sand fill up to 9 kg/m²
confined between two geosynthetic layers. The two layers are sewn or needlepunched to keep the
sand in place. Stability can be achieved up to a flow velocity of ca. 1 m/s.
Placing granular filter is similarly difficult: at least the first filter layer often consists of small sized
grains, so the material may be eroded nearly as easily as the subsoil. When using a broadly graded
filter placement in the wet is even more difficult (even with no adverse effects due to flow), since
dumping such material through water will cause segregation. Fine grains will sink more slowly than
coarse grains, so an "inverse" filter is created with the fines on top, actually no filter.
To overcome placement problems, many attempts have been made. Combined elements have been
developed to allow for a save placement.
The oldest forms of such a system is the fascine mattress. i.e. willow bundles with a diameter of 10
to 40 cm tied together crosswise (fig. 4). In the beginning only fascines and brushwood were com-
bined to a mattress, the brushwood acting as a filter. Later a woven geotextile was used as the base
(and filter) and the fascine bundles were tied on it. If necessary a brushwood layer was added to
protect the geotextile from mechanical impact. Fascine mattresses are prefabricated according to
the desired geometry on land, then they are pulled to the desired position and sunk by dumping the
armour material upon. Today, a woven and a nonwoven fabric are combined to increase the filtra-
tion capacity. If they have to be placed around structures like groynes or piers, either some smaller
fascines could be placed, overlapping each other, or one large fascine is manufactured with a gap.
Fascine mattresses can be prepared in all sizes, but usually they are effective only when larger
areas are to be covered. They can not be used if the subgrade is very uneven or significantly in-
clined. So in many cases they cannot be used for scour repair after a scour hole has already devel-
oped.
A combined armour and filter system is provided by certain mattresses, e.g. concrete blocks cast
on a woven geotextile or concrete cushion mattresses. Block mattresses usually are assembled in 
the dry and placed by special cranes. Geosynthetic cushion mattresses are filled in place with con-
crete. One has to consider that the filtration capacity of these mattresses is limited, since the filtra-
tion area is restricted to the webs which might not be wide enough to guarantee an unhindered
flow through the system to avoid the development of excess water pressure below the protection
layer. There are also limits for the mass per unit area. 
As a consequence of the placement problems when building scour countermeasures, it becomes
clear that elements are needed that combine filter capacity and sufficient weight. The weight is 
necessary to guarantee a placement at the desired spot in spite of the hydraulic load. Safe place-
ment has to be possible at greater depth and under current and wave loading. The protection sys-
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tem also should be able to adapt at any subsoil geometry (including existing scour holes) and it
should be flexible to follow further scouring, e. g. at the edges of the scour protection. All these
requirements are met by geosynthetic containers (and a suitable placement procedure). The con-
tainer fabric can be designed as a filter, but also granular filter can be installed safely using geo-
synthetic containers. Due to being confined in the container, even a widely graded granular filter
may be used. If the container fabric is needed only as a casing, material can be used that will de-
grade after the placement, e. g. natural fibres.
DESIGN OF GEOSYNTHETIC CONTAINERS
FOR SCOUR COUNTERMEASURES
Usually the geotextile container is intended to act as a filter itself. In few cases it is designed only as a 
casing for granular filter material. A double line of defence will be provided when filling granular
filter material into a container which is designed as a geotextile filter. Filter rules for geosynthetics and 
granular material have been discussed above. 
The size of geosynthetic containers has to be chosen according to the hydraulic demands and to 
operational restrictions. From the hydraulic point of view they should be as large as possible, since 
the larger the lesser they are displaced. This is impressively shown by the large containers (400
tons sand fill) that are used to build artificial reefs off the Australian coast (Hornsey 2002). But
such elements can only be placed by special equipment, e.g. split barges. Standard equipment is
sufficient for containers up to 1 m³ . This size has been used several times, being placed in the wet
as well as in the dry. 
For a safe placement, for high serviceability and for sufficient long term resistance, the container
material has to be chosen such that it will resist all mechanical loads. Usually there is a choice of
wovens and nonwovens. The first have the advantage of high tensile strength, the second the advan-
tage of large straining capacity. If a casing material is damaged, a woven cloth might be more suscep-
tible to crack propagation (the zip effect) than a nonwoven. Nonwoven fabric usually has a high
straining capacity, so the tensile strength may be less to provide a similar resistance against me-
chanical impact. By allowing large deformations it will be able to withstand the impact load when
hitting the ground as well as when the stones are dumped upon. A minimum mass per unit area of  500 
g/m² and a minimum tensile strength of 25 kN/m are recommended, the strain at rupture should be
larger than 50%.
Since the container has to sustain abrasive forces due to rocking armour stones or due to bedload
transport, any geosynthetic material used for containers either needs a high resistance against abra-
sion. The elements of any cover layer will rock and/or move in the immediate period after installation
due to dynamic hydraulic loads and due to deformation of the subsoil caused by the new load. this
effect can be reduced by partial grouting when riprap is used as armour.
Special care has to be taken concerning the seams of the container. On three sides, the seam is prefab-
ricated at the manufacturer's. Usually a strength approximately as high as the geotextile itself is guar-
anteed. The container usually is closed by sewing double chain stitch seams at the top. One seam is
straight and the second one is curved to allow for straining of the geotextile if the first seam is
broken. A new development is closing the container by velcro. In 2001 first promising tests were 
made.
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Often containers are used in scour protection measures in such a way that they are exposed to
sunlight at least some time (fig. 5). So the fabric has to show a sufficient resistance against weath-
ering in general and against UV radiation in particular.
FILLING THE CONTAINERS
Very large container are filled in a split barge, so the filling process is not a critical load during instal-
lation. Tubes are filled in situ, therefore the filling process usually will create less stress than the ser-
vice state. Smaller containers (? 1 m³) are filled before being placed. To avoid high stress or strain
when filling, the container should not hang under a funnel but should touch the ground when being
filled, since it should not be stretched by the filling process (fig. 6). 
The fill has to be chosen according to the requirement for the individual application. Rounded grains
are favourable, since the puncture and abrasion impact is much less.
The amount of fill of the container should not exceed 80% of the theoretical volume, since tightly
filled geocontainers are too stiff to adjust themselves to the subsoil, to structures or to the
neighbouring containers.
INSTALLATION OF GEOSYNTHETIC CONTAINERS
For large containers dumped from a split barge, the installation process may be the highest load for 
the element during its lifetime. Design calculations are given by Pilarczyk (2000).
Tubes are installed without fill, so when placed under water, similar difficulties have to be over-
come as during the placement of geosynthetic filters. 
Single geocontainers usually are placed by an excavator. Numerous geocontainers also may be 
dumped by side dumping vessels or split barges. Care has to be taken that the area to be protected
is covered completely. Special equipment allows for very precise placement of geocontainers, for
example the lattice girder device shown on fig. 7 that enables the precise installation to a depth up
to 25 m.
SUMMARY
Scour protection can be done in two manners: stress (load) has to be reduced or resistance has to
be increased. To reduce the load, river training measures are built or coastal systems are installed
to improve the flow pattern. To increase the strength, armour systems are put on the soil surface
that is hydraulically loaded. In both cases, geosynthetic containers can be used.
Geosynthetic containers developed from the traditional sand bags, but today they can be manufac-
tured in may forms like bags, mattresses or tubes. So scour protection measures can be built ac-
cording to the individual requirements of the actual situation.
Geosynthetic containers can be used to build artificial reefs, longitudinal dikes, groynes or else to
form an active scour protection by changing the flow respectively the current. Or they can be part
of a protection system to avoid erosion of the river or sea bed.
 
8
To achieve stability, two essential parts are necessary for a successful scour protection: a filter and 
an armour layer. The filter can be either a granular or a geosynthetic filter. Often it is necessary to
place the filter under water which creates problems for both types. Geosynthetic containers can com-
bine filter and sufficient weight to resist the hydraulic load. If there is no large mechanical load
and no UV radiation, geosynthetic containers can be installed without armour or they can act as an
armour themselves. They also can be used to place a broadly graded granular filter. the combina-
tion of a geosynthetic container designed as a filter and a fill of granular filter material will in-
crease the filter reliability of the protection system.
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Fig. 1 – Water pressure development depending on time and depth
   = excess pore water pressure
Fig. 2 – Geosynthetic containers: bag, mesh, mattress, mesh with plant openings (photo: Hydrotex)
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curve parameter: coefficient of uniformity U??
U?? = d60,?? / d10,??  (coarse soil, filter)
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Fig. 3 – Filter design chart according to Cistin / Ziems
Fig. 4 – Fascine mattress
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Fig. 5 – Geosynthetic containers for coastal protection (photo: WWF)
Fig. 6 – Filling geosynthetic container (1 m³)
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Fig. 7 – Lattice girder device for placing geosynthetic containers (courtesy Colcrete-von Essen)
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